ABSTRACT
Introduction
Visual evoked potentials (VEPs) are the bioelectrical responses of the brain's visual system to visual stimuli, which can be recorded from the scalp over the visual cortex. Because of its low amplitude, the VEP cannot be seen in routine EEG recordings. The improvement of signal to noise ratio and extraction of desired signal (the VEP) from noisy background is based on the concept that the electrical response of the brain always comes at the same interval of time after the visual stimulus, whereas other activities present are not coupled to the stimulus. The separation of the buried evoked potential waveforms from other activity is accomplished by synchronized (time-locked) averaging (7) . The most important and widely used method in practice is that of signal processing by synchronized averaging (4, 5) .
While working with VEPs in our laboratory, we developed a new triggering method to record visually evoked potentials using two personal computers (PC). The main problem encountered in VEP studies using a PC is the synchronization of the pattern shift instant with the triggering of the recording device. This problem can be solved by using a fast PC with a fast video processor or by using two ordinary (inexpensive) PCs, one for pattern generation and the other for signal recording as will be explained in the following paragraphs.
Materials and Methods
Two phototransistors were mounted at the lower left and lower right corners of the PC monitor displaying a checkerboard pattern (Fig. 1) . The outputs of the transistors were connected to the recording computer by a triggering circuit (Figs. 2, 3) . The phototransistors responded only to light intensity changes on the display monitor screen to which they were attached; they were isolated from external light intensity changes. Let one checkerboard pattern be called pattern A and the other pattern B which is essentially pattern A with white and black areas simply interchanged without a change in luminance (total light output) from the screen. When pattern A appears on the screen a small white square (30x30 pixel size) is generated at the lower left corner of the screen facing the left phototransistor (phototransistor B) while a small black square (50x50 pixel size) is generated at the lower right corner facing the right phototransistor (phototransistor A) to prevent random triggering (Fig. 4) . When pattern B appears on the screen white and black small squares at the lower left and right corners reverse colors (i.e. at the instant of pattern shift white turns black and black turns white). In this way, when pattern A is on, the left phototransistor is illuminated and it delivers a trigger signal (call this logic state 1 of the left transistor) and the right phototransistor is off (call this the logic state 0 of the right transistor); when pattern B is on, the right phototransistor is illuminated and it delivers a trigger signal (call this the logic state 1 of the right transistor) and the left phototransistor is off (call this the logic state 0 of the left transistor).
The trigger signal from either phototransistor is fed into the trigger input of the recording computer. Thus, this operation provides a coding scheme which determines which stimulus pattern is evoking the VEP being recorded currently. Simultaneously, the EEG activity is amplifi ed, fi ltered and converted into a digital signal and accumulated in the recording computer.
The pattern generating computer monitor is a 15 inch 0.28 dpi SVGA monitor. Its resolution is 800x600 pixels. Monitor refresh-rate is kept as high as possible at 85 Hz because low refresh-rates affect the phototransistors (i.e. false triggering).
Alternating patterns A and B are displayed on the pattern generating computer monitor by a slide-show program.
A distinction is made between transient VEP and steadystate VEP based on the stimulation frequency. The former arises when stimulating at frequencies less than 2 Hz. However, if the repetition rate of stimuli is faster than 6 Hz (usually 8-10 Hz) so that the new stimuli are presented before the last response of the visual system vanishes, a periodic response called steadystate VEP will result (2) . In this study, only transient VEPs were considered (4), i.e., responses obtained from stimuli with repetition rates low enough (2 Hz or less) to permit each response to reach a stady state. Repetition rate was 1 Hz (each pattern stays on the screen for 1000 miliseconds).
Checksize 10' to 60' are typically used clinically for checkerboard pattern stimuli (6, 1). Therefore, checksize was selected as 60' in order not to exceed the limit of clinical applications.
Signal recording: One headstage (preamplifi er) (Dagan Corporation, Model 4001) and one four-channel differential amplifi er (Dagan Corporation, Model EX4-400) was used to The preferred stimulus for recording VEP is a shift of a black and white checkerboard pattern (3). Hence, conventional pattern shift visually evoked potential (PSVEP) stimuli and recording parameters (3) were used. Lower and upper cut-off frequencies of the band-pass fi lter placed ahead of the amplifi er ( Figure 3 ) were 1-300 Hz respectively. Total amplifi cation was 20,000. Signals were sampled at a rate of 2,000 per second and analysis (sweep) duration was set at 512 msec. Scalp electrode positions were O z and Fp z (Recording derivation was O z -Fp z ). A ground electrode was placed on position A 1 .
VEPs were time-locked averaged (8) from 200 records; 100 by pattern A and 100 by pattern B stimulations (3). Thus three types of averaged signals were obtained during each session (Fig. 5) . 
Results and Discussion
Synchronization between the pattern shift instant and the triggering time of the recording device was perfect because phototransistors' rise time (on time) were at microseconds level (15 μsec for 5 mm lamp type phototransistors that was used in this study).
On the other hand, P100 appeared in the three different averages of each subject normally. There were no signifi cant differences among "average 1", "average 2", and "average 1+2" for the same subject as can easily be seen in Fig. 5 . It is usually assumed that the PSVEP recorded during a shift from one pattern to the other is the same as that recorded during a shift in the reverse direction. In this study we show unambiguously that this is indeed the case.
The recording technique introduced presently has basically three advantages:
1. Synchronization between the pattern shift instant and the trace trigger instant is ideal. In conventional PSVEP recording pattern shift instant and trace trigger instant can be separated in time by several miliseconds depending on the hardware confi guration and the operating system of the pattern generating computer. According to Chiappa, the pattern shift instance causes 20 to 30 msec delay in PC monitors (3) . This would diminish the reliability of the averaged signal thus necessitating a higher number of traces to be recorded for calculating the average signal which would in turn result in a longer recording session. To deal with this problem, conventional systems use expensive computers and fast video processors.
2. Obtaining independent average signals for different visual stimuli is more suitable for electrophysiological studies. For example, study of visual perception parameters such as color, depth, contrast, luminescance would be easier with the new technique. It should be noted however that the main objective of the present article was not so much to demonstrate the invariance of the independent averages mentioned above as it was to introduce a novel triggering technique to obtain such average signals.
3. The number of visual stimulus patterns and so the number of phototransistors associated with them can easily be increased to more than two. For example, four phototransistors placed at each corner of the stimulus display monitor will allow obtaining four independent average signals for each stimulus pattern (suitable for event related potential studies).
